The role of the Cys191-Cys220 disulfide bond in trypsin: new targets for engineering substrate specificity.
The S1 binding site of trypsin is cross-linked by the conserved Cys191-Cys220 disulfide bond. The substitution of Cys191 and Cys220 with Ala decreases the activity of trypsin by 20-200-fold as measured by kcat/K(m) for the hydrolysis of amide substrates; in contrast, ester hydrolysis is decreased by < 10-fold. Similar decreases are observed in the hydrolysis of oligopeptide and single amino acid substrates. This decrease in activity results from a decrease in the acylation rate. The substrate binding and deacylation rate are not affected by the loss of the disulfide bond. C191A/C220A binds BPTI with the same affinity as trypsin, although the affinity of benzamidine is decreased 10-fold and the affinity of leupeptin is decreased 1000-fold. The CD spectrum of C191A/C220A displays significant differences from that of trypsin; these differences most likely result from the loss of the disulfide chromophore, although perturbation of enzyme structure cannot be discounted. The loss of the Cys191-Cys220 disulfide has no effect on the stability of trypsin as measured by urea denaturation. Single and double substitutions of Ser at positions 191 and 220 have a similar activity to C191A/C220A. These results indicate that the Cys191-Cys220 disulfide bond is not essential for the function, structure or stability of trypsin.